J o s e p h A r t h u r A r k w r ig h t , whose death occurred on 22 November 1944, at King's College Hospital, London, was a distinguished bacteriologist. He did not commence the serious study of bacteriology until he was forty-two years of age but he brought to it an uncommon mental outfit. Since boyhood he had been keenly interested in natural history and he acquired a sound knowledge of biological principles at Cambridge where he devoted most of his time to the study of zoology and botany. After graduating in medicine, he practised his profession for fifteen years and gained a wide experience of disease. By the time he came to devote himself to scientific investigation he had a full mind, and the philosophic insight which he brought to the interpretation of his observations was characteristic of his researches.
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Obituary Notices
Arkwright's maternal uncle, John Wolley, was a naturalist and ornithologist of repute who travelled far and wide to study the habits of birds and collect specimens. Among his journeyings was an expedition to Iceland with Alfred Newton, F.R.S., to find the remaining great auks which were supposed to be still extant on the island. John Wolley died before Arkwright was born, but his zoological books came into the possession of the family and being full of pictures of birds and beasts, formed the favourite literature of his childhood. Another uncle, Charles Wolley-Dodd, was a remarkable amateur gardener and expert on the botany of rock plants and his cousin Colonel Anthony Wolley-Dodd was a notable field botanist and collector.
As a child at Broughton Hall, Arkwright enjoyed all the amenities and the fascination afforded by a large farm arid had abundant opportunities to satisfy his taste for natural history. Until he was ten years old he seldom left Broughton.
In 1874 he was sent to a preparatory school at Rottingdean in Sussex and thence in 1877 to Wellington College where his brother Leonard had preceded him.
Before he left Wellington he had decided on a medical career. He entered Trinity College, Cambridge, in 1882 and studied the preliminary scientific subjects required by the medical curriculum. He remained at Cambridge for four years during which time he negotiated the examinations for the first and second M.B. but his principal interests at that time were natural history and biology. He took Part 1 of the Natural Sciences Tripos in 1884 and Part 2 in 1886 with zoology as his major subject.
Of the distinguished men who adorned the School of Biology at that interest ing period those whom he found most stimulating and interesting were Adam Sedgwick, Alfred Newton, Hans Gadow and Gaskell.
Whilst at the university, Arkwright does not appear to have been interested in any formal games. This was not because he was averse to active exercise. He was, indeed, an athletic person and a good horseman. His principal recreation consisted in long walks. His rambles were enlivened, if not dictated, by his curiosity about the habits of animals and plants in the vicinity and particularly in their adaptation to their environment in the fen country. At Trinity he found a congenial spirit in Parkes Weber.1 Weber, who was a year senior to him, seems to have been the only one of his contemporaries to whom he attributed any great influence upon his intellectual development.
From Cambridge Arkwright went to St Bartholomew's Hospital for the clinical part of his medical education. He graduated M.B. in 1889 and proceeded to the M.D. in 1895. The first three years after graduation were occupied in gaining further training and experience as House Physician at St Bartholomew's, House Surgeon at the West London Hospital and House Physician at the Victoria Hospital for Children, Chelsea.
In 1893 he married and settled at Halesowen in Worcestershire on the border of Staffordshire. He soon gained a large practice in this industrial area but after ten years he had the misfortune to develop a hypersensitivity to disinfectants, causing an intractable eczema of his hands. This was so great a hindrance in a general practice that in 1903 he was obliged to relinquish it. After a period for recuperation, Arkwright took a small practice at St Margaret's Bay near Dover which he understood would not involve much midwifery. The transfer to Kent was not a success. It was found impracticable to avoid the use of disinfectants. The eczema returned, and attacks of hay fever, to which he had been subject most of his life, increased in number and severity. The asthma which accom panied these attacks ultimately incapacitated him and by the end of 1904 Arkwright decided that he must give up the general practice of medicine for good and all.
The abandonment of a career in which he found both intellectual and human satisfaction was a bitter disappointment. He removed to the neighbourhood of London and was attached for a while to the Children's Hospital at Great Ormond Street as a clinical assistant with a view to a consulting practice as a children's doctor. It was whilst he was at Great Ormond Street (1905) that he became interested in bacteriology and began to consider scientific investigation as a future career.
Arkwright was an able clinician. His training in natural history had made him an acute and accurate observer and his insatiable curiosity caused him to ponder on the why and wherefore of the occurrences with which he was con fronted in his practice. Rare and puzzling cases interested him particularly and, notwithstanding the demands of a busy practice, he found time to place some of his observations on record. Among these, the most valuable were those showing that haematogenous jaundice of both adults and babies tends to occur among members of particular families. He was among the first to record instances showing that periodic attacks of acholuric jaundice are prone to occur in one of the parents and some of the children in particular families and also to emphasize the familial incidence of icterus gravis , now known as erythroblastosis f o e t a l i s , by describing a remarkable instance in the family of one of his patients. This poor woman bore fifteen children of whom all except the first baby developed jaundice within a few days from birth and ten of them died. He could not explain these happenings because the pathology of the maladies was not accurately known. It is only within the last few years that the expansion of knowledge of human blood incompatibilities and of their inherit ance has made an interpretation possible. He was convinced, however, that susceptibility to their occurrence was due to some genetic factor.
Arkwright's success as a family doctor was not due to his professional skill alone. The drama of the lives of his patients interested him and his kindness of heart and ready sympathy gained their trust and affection. He was indeed, like St Luke, 'the beloved physician'. I I first encountered Arkwright in 1906 when he called upon me at the Lister Institute and with great diffidence told me he wanted to be a bacteriologist. I indicated that this did not appear to me to be an ignoble ambition but that I 1 3°
should be interested to know why he had decided to give up the practice of his profession in which he had been successful. He explained that, as related above, he had developed an allergy to disinfectants the consequence of which had forced him to abandon it. He made it clear that he was not seeking a salary but an opportunity to equip himself as an investigator.
I introduced him to Professor George Dean and my other bacteriological colleagues and, as a result of their interviews, he joined the Department as a voluntary worker. Amongst his comrades in the department were A. E. Boycott, John Ledingham, Henderson Smith and Harriette Chick so he found himself in good and stimulating company.
Arkwright soon became a competent bacteriologist and showed an aptitude for investigation which gained the respect of his comrades. In 1908 he was appointed a member of the staff of the Department of Bacteriology and in this capacity he continued to enhance the reputation of the Institute by his researches for nearly thirty years.
Arkwright's researches in bacteriology covered a wide range. The best known are those on variations in bacteria, on the role of carriers in the spread of infectious diseases, on the aetiology and transmission of trench fever, typhus fever and foot-and-mouth disease and on bacterial agglutination by acid and salts. In all these fields he left his mark, but as a piece of scientific work his observations on variations in bacteria take first place.
In the early days of bacteriology, owing to lack of methods of procuring pure cultures, bacteria were supposed to be capable of fantastic variations in morphology and properties. Under the influence of Cohn and the critical experiments of Koch the pendulum swung in the opposite direction and they were regarded as immutable. This view, too, had soon to be modified as un doubted instances accumulated of variations in form, motility, fermentative properties and agglutinability.
Arkwright encountered the phenomenon of variation early in his bacterio logical career. His first research, published in 1907, was an investigation of meningococci isolated from sporadic and epidemic cases of meningitis. This was followed by a bacteriological examination of material from the throats of upwards of 500 inmates of a boarding school where outbreaks of diphtheria had recurred. A few of the boys were, at the time, suffering from sore throats, but most were healthy. The object was to discover with whom the infection lurked. He found that as many as 100 of the boys harboured bacilli which were morphologically and culturally indistinguishable from those of diphtheria. The strains isolated were of varying virulence, one-third being devoid of pathogenicity for the guinea-pig. It, therefore, seemed doubtful whether these were indeed Bacillus diphtheriae. This doubt was proved to be unjustified by injecting cultures into a horse and showing that the animal produced diphtheria antitoxin.
These investigations were undertaken to expand knowledge of the spread of disease by human carriers, a subject on which he contributed many useful observations during the next ten years including a book written in collabora tion with Ledingham, The Carrier Problem in Infectious , published in 1912. W hat interested him as a biologist, however, was the variability in the properties of the strains of meningococci and diphtheria bacilli which he isolated in the course of his investigation. To the average bacteriologist variability on culture was merely a troublesome impediment to the isolation of the causal organism of a particular disease, but for Arkwright bacterial variations, spontane ous or imposed, which were hereditable were of great and abiding interest and in the interval between other preoccupations he continued to study them for twenty years, taking advantage of every opportunity as it occurred to add to his store of knowledge of the subject.
About 1913 Arkwright became impressed by the fact that whereas the bacilli of dysentery and the enteric group, when first isolated from the body, afforded smooth, circular dome shaped colonies on the surface of nutrient agar, after repeated sub-culture another type of colony began to appear in increasing proportion. This second type was flat granular with a rough surface and irregular margin. Sub-culture from smooth colonies produced smooth colonies with a few rough ones. Sub-culture from rough colonies produced mostly rough ones. For convenience of description he designated them the 'smooth' and 'rough' strains. He supposed that the microbes which grew into rough colonies had undergone a variation involving those properties which decide the shape and character of a colony. As a bacterial variation which was made manifest by an alteration in colonial growth offered peculiar facilities for a genetical study, he decided to explore the subject, but had not proceeded far with this academic study before he had to put it aside and devote himself to pressing problems occasioned by the war in 1914. He had no opportunity to resume his work on bacterial variation until 1920. That different types of colony sometimes develop on solid media sown with presumably pure cultures of a particular microbe had been observed by many bacteriologists and the method of obtaining supposed variants by selecting colonies of different morphology was not new. Arkwright's observations, which were more systematic and conducted with greater insight and perseverance than any that preceded them, were published in some dozen papers in various scientific journals between 1907 and 1928 and the principal results are referred to in a scholarly article he wrote on variation in bacteria for the System of Bacteriology edited by Fildes and Ledingham, published by the Medical Research Council in 1930. Owing to his characteristic modesty, the article affords an inadequate impression of the importance of his contributions to the subject.
Arkwright's genetical studies were made exclusively upon the bacilli of dysentery and the enteric group, which are particularly prone to grow into two types of colony on agar plates. By repeated selection of bacilli from smooth and rough colonies, respectively, and sub-cultivation on fresh media, during which procedures thousands of generations occurred, he succeeded in separating the two variants. Both were found to differ in some degree from the parent strains. Fixation was achieved more easily with the rough than with the smooth variants.
Tendency to reversion was slight but occasionally a seemingly fixed strain of the smooth variety would produce a few rough colonies. He never succeeded in changing a rough colony variety into a smooth one by growing it in any sort of culture medium but others have done this since.
Arkwright was undecided whether fluctuation or mutation was the proper category in which to place the variations. Their permanence, when once estab lished, suggested that mutation was the more appropriate but the fact that so many strains and species of bacilli exhibited a tendency to vary in a similar way on artificial culture caused him to hesitate in pronouncing a definite opinion.
Why bacilli dividing on the surface of an agar gel arrange themselves on any particular pattern was, he supposed, largely due to surface actions. He considered that a chemical modification of their surface might explain the difference in type of colony they formed. In support of this view he emphasized that the change in type of colony from smooth to rough was invariably associated with an alteration in the behaviour of the bacilli when propagating in liquid media. Bacilli from smooth colonies dispersed into the medium to give a uniformly turbid emulsion whereas those originating from rough colonies agglutinated and fell to the bottom of the tube leaving a clear supernatant liquid.
This spontaneous agglutination, so called, he showed to be brought about by the electrolytes in the culture broth to which bacilli of the rough colony variant were found to be much more sensitive than those of the smooth variety. Still more convincing evidence that the surface of the two variants differed in composition was obtained by testing the action upon them of the sera of animals immunized against bacilli from smooth and rough colonies, respectively. It was found that bacilli from each had aroused the production of agglutinins specific for the type which had been injected.
These experiments on agglutination were made with dysentery bacilli and when subsequently bacilli from smooth and rough colonies of typhoid and paratyphoid bacilli were employed the results were not so clear cut. An explana tion of this was afforded by the discovery of Weil and Felix that these motile organisms each contain two different antigens; one in the flagella which is thermolabile and the other in the body of the bacillus which withstands heating even to 100° C. It took him some time to clear up the relationship of the different antigens in bacilli from rough and from smooth colonies to the flagellar and somatic antigens discovered by Weil and Felix, but he ultimately showed that the flagellar antigen, when present, was the same in the variants producing smooth and those producing rough colonies and that it was the somatic antigen which had changed with the type of colony.
The proof that an hereditable variation in antigenic properties had been produced, led to the investigation of the relative immunizing value of the two variants and in 1927 Arkwright published results showing that in consequence of, or associated with, the variation in the surface properties of the bacilli which determined growth into smooth or rough colonies a profound modification had taken place in their value as immunizing agents. Only bacilli from smooth colonies produced efficient vaccines. The discovery that the value of a strain of these bacilli could be foretold, without animal experiments, from cultural and serological features was a valuable contribution to immunological practice.
Virulence was another property which differed in the two variants. In the enteric group of microbes, alteration in the character of the colony from smooth to rough was accompanied by loss of virulence and a well established rough variant failed to infect the experimental animal. Recent discoveries have indicated that invasive power depends to a large extent upon the surface properties of a pathogenic microbe, so it is no longer surprising that, as Arkwright supposed, a mutation involving the chemical composition of the surface of a bacillus should influence its virulence and antigenic properties a? well as the type of colonial growth.
Arkwright's studies of bacterial variation were undertaken in the first instance to satisfy the curiosity of a biologist and their import for immunology and pathology was not foreseen. The association of variation of antigenic properties and of virulence with change in type of colonial growth, however, indicated their wider significance. His observations with the dysentery and enteric group of bacilli were soon confirmed by other bacteriologists and found to hold good in the case of several other pathogenic organisms. Perhaps the most remarkable example of this was afforded lately by the experiments of Avery, Macleod and McCarty who demonstrated that an avirulent rough colony type of pneumo coccus when cultivated in a medium containing the nucleotide desoxyribonucleic acid generated pneumococci which grew into smooth colonies, were virulent and had antigenic properties different from those of the original strain.
One of the first serious medical problems of the war in 1914 was how to obviate the unexpectedly high incidence of gas gangrene among the wounded. The study of the pathogenic anaerobes had been neglected in this country and, in view of the urgency of the matter, Arkwright put aside his work on bacterial variation to investigate them. Before he had advanced very far, however, the war had spread to the Middle East and had produced a spate of epidemic diseases for the diagnosis and treatment of which the services of a bacteriologist were wanted on the spot.
Realizing that the investigation of the anaerobes would be a long business and that it could be carried on by others less suitable for foreign service he joiped the R.A.M.C. in 1915 and was posted pathologist in charge of the laboratory at St George's Hospital, Malta. For the next few years he had little opportunity for research but he was able to make some interesting observations on convalescent carriers in bacillary dysentery and on blackwater fever.
After two years in the Mediterranean area he was recalled to serve on the Commission appointed by the War Office to study trench fever, a disease which had appeared amongst the troops on all parts of the Western Front, and was responsible for a large proportion of the medical casualties. McNee, Renshaw and Brunt had shown that the disease could be transmitted by the injection of a little blood from patients into healthy volunteers and that the infective agent, whatever it was, did not pass a bacteria-proof filter. The Commission proved experimentally that the body louse spread the disease, a conclusion arrived at by McNee and others upon epidemiological grounds. It next endeavoured to ascertain in what manner infection was conveyed by lice and from an extensive series of experiments on volunteers it appeared that it was not during the act of blood sucking that it occurred. The excreta of lice which had been fed on patients suffering from trench fever were highly infective; and it was concluded that transmission usually occurred by their being rubbed into the skin, already abraded by scratching.
Arkwright did not succeed in propagating the infective agent in culture media but he and his colleagues Bacot and Duncan confirmed the observation of Topfer that in lice which had fed on trench fever patients immense numbers of a small bacteria-like organism developed on the surface of the mid gut. These minute microbes resembled those described by Prowazek in lice fed on patients suffering from typhus fever to which the name Rickettsia prowazeki had been given. The name R. quintana had been proposed for this new species but doubt existed as to its causal relation to trench fever since a similar form had been erroneously stated to inhabit the gut of normal lice and given the name R. pediculi. Arkwright and Bacot showed that R. quintana and R. pediculi were one and the same and by establishing a constant association of infectivity of a louse and the presence of R. quintana in its gut, afforded strong presumptive evidence that it was the cause of trench fever.
With the disappearance of trench fever on demobilization in 1918, the Commission's investigations came to an end and Arkwright and Bacot turned their attention to the rickettsiae found in the sheep ked and the bed bug. In the latter they found that the rickettsia was transmitted to the next generation of the bug through the egg. These studies led on to a further investigation of R. prowazeki which there were good reasons for supposing was the causal agent of louse-borne typhus.
Since typhus fever no longer occurred in this country, they had recourse to animals infected with human material obtained from Ireland. The absence of a local supply of human cases imposed two serious handicaps upon the research. The disease in both the monkey and the guinea-pig lacked any really charac teristic features and human lice could not be kept alive long enough on monkey's blood to make it possible to study the development of the rickettsia in them after they had fed on infective blood. The latter handicap was overcome to some extent either by feeding lice rectally with infectious human blood or by studying the development of the rickettsia in the monkey louse. By both methods Arkwright and Bacot succeeded in confirming the constant relationship of rickettsia and infectivity and in making some new observations on the mor phology of R. prowazeki.
The handling of lice carrying the infection of typhus is a dangerous pastime and a high proportion of research workers doing so have become infected and several have lost their lives. This danger did not deter either Arkwright or his intrepid colleague Bacot and when in 1922 they received an invitation from the Egyptian Government to investigate typhus fever in Cairo they accepted it with alacrity, for typhus was endemic there and recovered cases on which to 134 Obituary Notices feed their lice would be available. They had not, however, enjoyed these facilities long before they both contracted the disease of which Arthur Bacot died.
Arkwright recovered after a severe illness, a recovery attributable in no small measure to the devoted attention of his wife who nursed him. Back in London in the summer of 1922 he resumed work at the Lister Institute, but apart from putting together for publication the observations he and Bacot had made in Cairo, his researches on typhus were ended and he turned to other subjects, amongst them being foot-and-mouth disease.
Arkwright s association with the investigation of foot-and-mouth disease extended over a period of more than twenty years. It began in 1920 when the Ministry of Agriculture appointed its second scientific Committee to study the subject. At that time, none of the small experimental animals was known to be susceptible, so any experimental work had to be carried out on farm animals. The Ministry was rightly apprehensive that, unless kept in strict isolation, infection might spread from the experimentally infected beasts to cattle in the neighbourhood. Experiments were, therefore, only permitted to be made on an obsolete warship and attendant lighter moored in the estuary of the Stour at Harwich. Aj the request of the Committee, Arkwright was seconded by the Lister Institute to take charge of its proposed researches.
Investigation afloat of such a highly infectious malady presented considerable difficulties. In such restricted quarters, it was found impossible to prevent the frequent occurrence of cross infections among the animals under experiment. This made the results unreliable and after a year of unsuccessful effort to overcome this difficulty the investigation was closed down.
Three years later the Ministry appointed a third scientific Committee to study foot-and-mouth disease. Arkwright was its most useful member as he was the only one who had had experience of working with the virus. For the next five years, in addition to taking an active part in guiding the scientific policy of the Committee, he directed and supervised the carrying out of a portion of its scientific programme. In. 1931 he succeeded Sir Charles Martin as Chairman of the Committee and continued in this position until the time of his death.
On the recommendation of this third Committee, the ban on experiments ashore was lifted and the cattle testing station of the Ministry at Purbright was adapted for the investigation of a highly infectious disease on farm animals. At the same time, arrangements were made with the Lister Institute and the Medical Research Council for that portion of the Committee's programme which could be carried out by employing small animals to take place at their respective laboratories in London. The researches at the Lister Institute were placed under the direct supervision of Arkwright. He collected a small band of able young bacteriologists, including Sam Bedson, H. B. Maitland and M. Burbury; together they formed a useful and happy team.
They first confirmed the observations of Waldman and Pape indicating that the guinea-pig was susceptible to foot-and-mouth disease. Arkwright was satisfied that the modified disease produced in the guinea-pig by inoculation of bovine material was sufficiently constant and characteristic to permit the substitution of this convenient laboratory animal for most of the purposes required in a research upon the viius.
Amongst the subjects subsequently investigated by his team were filterability of the virus through various types of filter, the effect of heat, drying, ultra violet light and hydrogen ion concentration on it and the influence upon its survival of a variety of chemical agents used as disinfectants. The origin of periodic outbreaks of foot-and-mouth disease in Britain having been seldom discovered, the survival of the virus in a variety of imported materials, including frozen carcases, was investigated, and some important facts disclosed.
Efforts to propagate the virus in the laboratory on artificial media were persevered with but no indication of multiplication was obtained and the claim of Frosche and Dahman to have achieved this was shown to be a mistaken one. The susceptibility of rats, field-mice, rabbits and hedgehogs was explored, as these rodents might conceivably play a part in the spread of foot-and-mouth disease and act as foci for infection. It was found that it was possible to produce a modified form of the disease in all of them but only in the case of the hedgehog were the lesions at the seat of inoculation followed by a general illness which spread to their healthy companions.
The plurality of strains of virus was established and the statement of con tinental observers that recovery from infection with one strain did not confer immunity to another was confirmed. The mechanism of the immunity of recovered animals was elucidated and a search for some safe method of protect ing cattle by vaccination was rewarded by a measure of success.
Arkwright did more than direct the investigation of his team. He participated in many of the experiments and it was characteristic of his generosity to junior colleagues that he put his name to only one of the papers that appeared.
The last fifteen years of Arkwright's life were largely devoted to scientific administration and in this as in all else that he undertook, he gave of himself to the full. When the Agricultural Research Council was formed in 1931 he was chosen as one of its members and he gave valuable service in this capacity for eleven years. He was chairman of the committee appointed to study infection by B. abortus which was widespread in our dairy herds and he was largely instrumental in founding the Field Research Station at Compton in Berkshire. He was also made chairman of its committee on Johne's disease and reference has already been made to the long and valuable service which he rendered to animal husbandry in the investigation of foot-and-mouth disease.
He was elected to the fellowship of the Royal College of Physicians in 1916 and to the fellowship of the Royal Society in 1926 and served on the councils of both these learned bodies. He was a member of the M edical Research Council from 1930 to 1934, and when the Medical and Agricultural Research Councils jointly appointed a committee to study tuberculosis, Arkwright was chosen as chairman. He also succeeded Sir David Bruce as the Royal Society's representative on the Governing Body of the Lister Institute and helped to shape the destinies of the Institute which he had served so long and so well as a member of its staff. His long and valuable services to science and medicine were appropriately recognized in 1937 when the honour of knighthood was conferred upon him.
Arkwright was a courteous and kindly person and remarkably modest about his own achievements. Although always genial, he was abnormally reticent, not from any desire to conceal, but in case what he had to say would not interest the listener. This trait was sufficiently marked to suggest some repression in early life; his mother died when he was two years old and maybe the children at Broughton Hall were not encouraged to express their own opinions too freely. Having read widely and pondered deeply he was an interesting and often amusing talker in the company of a few intimates but, in public, he suffered from inhibitions and was a poor speaker. Because of his diffidence and lack of fluency, his contributions to scientific discussions, unless carefully prepared, failed to carry the weight they were entitled to. On the other hand, he wrote clearly and well though not with facility. He took great pains with the arrange ment and expression of his ideas in his scientific articles and addresses and succeeded in making them both lucid and interesting.
He possessed a keen sense of humour and by his ability to see the humorous side in what were to others irritating occurrences he avoided quarrels. He was charitable to those with whose notions he disagreed and never spoke unkindly of fellow workers whom he considered to be mistaken. He was unselfishly good to junior comrades and saw to it that they obtained more than their due share of credit for the results of researches which had been for the most part, inspired, planned and guided by himself. Indeed, he possessed the Christian virtues in good measure.
Apart from his scientific work, Arkwright's principal interests were field natural history and gardening. He had a beautiful garden at his home in Purley, the care of which gave him much pleasure and recreation. Arkwright would not grow old and he retained his activity of mind and agility of body but little impaired until overcome by a short but fatal illness. He was a religious man in the best sense; he adhered to the faith of his fathers and remained throughout life a full member of the Church of England.
In 1893 There are three daughters all married, two of whom are members of the medical profession.
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